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1. introduction 
The disproportionation of 0, * into H,O* and O2 
was found enzymically catalysed by erythrocuprein 
[l-4]. Due to this reactivity the long known copper 
protein [.5] was renamed superoxide dismutase [I]. 
Detailed enzymic studies [6,7] led to the proposal of 
another important function of erythrocuprein. namely 
the scavenging of singlet oxygen in many oxidation 
reactions. At the moment no decision can be made 
which of these enzymic functions will be given privi- 
lege in metabolism. Before a final designation of this 
Cu-protein is suggested further studies regarding the 
specificity of the above mentioned biochemical reac- 
tions ought to be carried out. 
We thought it worthwhile to examine the question 
as to which degree copper chelates using both the free 
amino acids or some low molecular weight peptides 
would be able to display similar enzymic activities. 
All amino acids being present in bovine erythrocuprein 
[8] were employed. The Cu*+-complexes of lysine, 
histidine, tyrosine or some di- and tripeptides thereof 
displayed considerable biochemical activities. 
The superoxide dismutase activity of both the 
native erythrocuprein and different Cu*+-amino acid 
complexes were compared on a molar basis of chelated 
Cu*+. In the cytochrome c reductase assay [ 1,4] en- 
zymic activities of up to 5% Cu(Lys)* compared to 
native erythrocuprein were determined. Slightly 
higher activities were observed using the chemilumin- 
escence test [6, 71. In this alternative test Cu(Lys), 
displayed 7.5%1 enzymic activity. As in the cyto- 
chrome c reductase assay only the Cu*+-chelates of 
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Tyr, His and Lys were enzymically active. Copper 
complexes of the other 14 amino acids normally 
being found in erythrocuprein were completely in- 
active. 
2. Materials and methods 
The homogeneity of all amino acids and peptides 
was examined employing thin-layer chromatography. 
Cu*+-chelates were prepared at 40” in a way similar 
to the method given in [9] using CuO and the ligands. 
Erythrocuprein was prepared from freshly harvested 
bovine erythrocytes using organic solvents, DEAE 33 
and gel chromatography [ lo]. The native Cu-protein 
was converted into the apoprotein on chelator equi- 
librated Sephadex columns as described elsewhere 
[ 1 1, 121. Superoxide dismutase activity was assayed 
using the xanthine, xanthine oxidase reaction [4]. 
Alternatively the scavenging of singlet oxygen was 
measured employing the chemiluminescence test 
described by Arneson [6] and Finazzi Agro’ et al. [7], 
Chemiluminescence was measured in a Packard scintil- 
lation counter Model 2003 at room temp. The setting 
at the scintillation counter was exactly as used for 
[“HI counting. Xanthine, xanthine oxidase, catalase 
and beef heart cytochrome cox were purchased from 
Boehringer. Mannheim. HEPES buffer and luminol 
were from Merck. Darmstadt. 
3. Results 
The ability to supress the xanthine-xanthine 
oxidase induced cytochrome c reductase activity was 
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examined in the presence of erythrocuprein and dif- were compared on a molar basis of chelated Cu2+ 
ferent cupric chelates using the free amino acid required to quench the chemiluminescence by 5(r%. 
residues and some low molecular weight peptides. In 
the presence of the metal-free ligands and Cu2+ alone 
According to this evaluation method the superoxide 
dismutase activities of the following Cu2+ chelates 
no superoxide dismutase activity at all was determined. were: Cu(His)*, 4.9%‘; CuTyr, 5.6% ; Cu( Lys),. 7.57; : 
A marked activity was found if Cu( Lys),, Cu(His)* or 
CuTyr was used. Even some of the Cu*+ empeptides 
CupLeu- Tyr, 4.8% and CuPHis-Leu--Cly, 6.474. 
The free amino acids or peptides and Cu2+ .aq. in 
were considerably active (table I ). concentrations similar to the corresponding Cu’+~ 
Upon examining the quenching of singlet oxygen complexes displayed no enzymic activity et all. 
in the presence of the above cupric chelates a rather An interesting phenomenon was observed when 
similar picture is obtained (fig. 1 ). About 4.8 nM of the chemiluminescence assay was performed at pH 
native erythrocuprein was necessary to inhibit the 8.6 (fig. 1). The overall chemiluminescence was 
chemiluminescence by 50?. The superoxide dismutase 
of hoth the native enzyme and different C~‘+~chelates 
higher by one order of magnitude. At the beginning 
the cpm values were progressively diminished. Sur- 
prisingly. the light emission increased after 75 set 
Table 1 
Superoside dismutase activity of different CL?+-amino acid 
chelates. 
Required equivalent ot 
and a maximum was reached after 40 sec. In the 
presence of erythrocuprein or some Cu’+ amino 
acid chelates the initial light emission was drastically 
reduced and the maximum was shifted towards a 
chelated Cu*+ to yield 
Cu’+Chelate [(‘yt cred ] X [Cyt Cos 1 -I= 1 
IO 
10 
(j.imolesP X litrc) 
I\ 
Native bovine Id 
erythrocuprein 16.7 
Ku-apoerythrocuprein 1 .o 
(‘u(Lys)z 
CuTyr 
Cu(~lis)2 
Cu(llis-methylester)* 
Cu -Leu-Tyr 
Cu -Lys -Ala 
Cu-tlis-~Leu Gly 
Cu-Gly-tlis+Leu 
Cu-His-Leu-Leu 
0.9 
0.6 
0.5 z 
0.2 u 
0.4 
Cu--Leu-llis-Leu 
CupLeu-Leu-tlis 
0.04 L 
0 0 50 100 150 200 
TIME BECJ 
(‘u2 +t*aq 0 
CLIFI:DTA 0 
Fig 1. Chemiluminescence assay of bovine erythrocuprein 
Cu -bovine serum albumin 0 
and different Cu *+-amino acid complexes at pfl 7.8, 
8 4 1 Cu-TY~, None;@Cu(Lys) 145 nhl; b 5 ,50 bovine nM;OCu(His)2,-100nhl; erythrocuprein, 8 nhl. The 
All the employed amino acids and peptides were in the L-form. assay components were pipetted in a disposable scintillation 
The cytochrome c reductase assay was performed at 25” in a vial at room temp. The total volume was 2.22 ml. The assay 
volume of 0.76 ml using 1 cm light path optical glass cells. The mixture was composed of: HEPES buffer, 50 mM; xanthine. 
assay mixture contained: HEPES buffer, 50 mM, pH 7.8; 0.33 mhl; catalase, 800 l.U; luminol, 1 mM; the reaction 
xanthine, 0.33 mhl; cytochrome cox, 27 bukl; catalse, 320 I.U.: was started with 0.08 units (definition as in [ 191) of xan- 
start with xanthine osidase, 0.02 units (as defined in [ 191 ) in thine oxidase after one min. The first reading was performed 
50 ~1. The time course of the absorption at 550 nm was recorded I after 10 sec. During the counting the coincidence was turned 
in a Unicam SI’ 1800. on. The background was 4 i 1 cpm. 
Volume 25. number 1 I:EBS Lt;TTt:RS September 1972 
0 25 50 
WI:” [SEC] 
100 125 150 
I:&. 2. Chemilumincscence assay of bovine erythrocuprein and 
Cu(ttis)z at ptf 8.6.j~~None;C~Cu(tli~)~, 80 nhl;@erythro- 
cuprein, 0.3 nM. Further test conditions as in fig. I. Note the 
increase of the light emission! 
shorter time. There were no detectable differences of 
the relative enzymic activities at either pH value [ 181. 
This was especially intriguing since the time course and 
the yield of the light emission were considerably dif- 
feren t. 
4. Discussion 
Oxidase and catalase activities of low molecular 
weight cupric chelates have been reported by Pecht 
and Anbar [ 131 and Sigel [ 141. Due to the present 
study, the superoxide dismutase activity of some 
CU2+ -amino acid chelates has to be added to the bio- 
chemical reactivity of copper. This superoxide dis- 
mutase activity as determined by two different assay 
procedures is certainly not an artefact since the concen- 
tration of the employed CL]‘+ ~+mino acids and Cu’+ 
peptides were in the pmolar region. In many bio- 
chemical systems metal ion activation is usually ob- 
served in the presence of millimolar concentrations of 
metal ions [ I.51 . Thus our observation can be consider- 
ed as a rather specific biochemical reactivity ofCu( LYS)~. 
Cu( His)? or CuTyr complexes. 
These data support earlier suggestions [ 10, 12, 161 
that Cu is not bound to sulphur since no superoxide 
dismutase activity was observed using sulphur con- 
taining amino acid residues. Furthermore, at pH 8.0 
[IO] and more expressed at pH I 1.8 [3. 161 super- 
hyperfine splitting is observed in the EPK spectrum 
indicating possible coordination with several nitrogen 
atoms. From this phenomenon it was presumed that 
basic amino acids could perhaps be involved in the 
binding of Cu 2+ although oxyg en atoms derived from 
tyrosine residues cannot be excluded at the moment. 
Indeed Cu( LYS)~ displayed the highest enzymic ac- 
tivity. Within the protein portion the chelated CL]‘+ 
ought to be in an exposed position, It is very attrac- 
tive to come to this conclusion since the second order 
rate constant of the enzymic catalysed disproportiona- 
tion of0; . [2] is near to the upper limit expected 
for ;I diffusion-controlled enzyme~substrate reaction 
and X-ray photoelectron studies revealed the easy 
access of Cu to the MgKa-radiation [ 171 
The clueslion remains open as to which degree the 
low molecular weight Cu 2+-chelates and the native 
enzyme react with identical reaction velocities. it is 
possible that the lower enzymic activities of the 
Cu ~amino acids could be attributed to a diminished 
reaction velocity. This problem is currently under in- 
vestigation. 
Acknowledgements 
This study was supported in part by grants from 
the Deutsche Forschungsgemeinschaft (We 40 i/4 and 
401/h) and from the Fends der Chemischen Industrie. 
References 
[ 11 5.51. hItCord and I. Ikridovich. .I. 13iot. Chem. 244 (1969 
6049. 
[2] G. Rotdio, R.C. Bray and 1.!1. Fielden. Biochim. Bio- 
ptlys. Acta 268 (1972) bO5. 
131 U. U’escr. W. Bohnenkamp, R. Cammack and tl.J. 
Ilartmclnn. Z. Physiol. (‘hem., in press, 
141 U. Weser and G. Voelcker, l:I:BS Letters 22 (1972) IS. 
[S] T. Mann and I). Keilin. Proc. Roy. Sot.. London, Ser. 
B. Biol. Sci. 126 (1939) 303. 
161 R.\l. Arneson, Arch. Biochem. Biophys. I36 (1970) 
352. 
[ 71 A. I:inazLi Agro’. C. Giovagnoli. P. De Sole, L. <‘alabrew 
G. Rotilio and B. hlondovi’, I:CBS Letters 21 (1972) 18. 
[Xl LJ. Weser. Structure and Bonding, in press. 
[9] C.hl. Stcvens?md J.A. Bush. J. 13iot. <‘hem. 183 (1950) 
139. 
I IO] U. Wcser, I:. Bunnenberg, R. Cammack. C. Djcrassi. I.. 
Ftohi, G. Thomas and W. Voclter. Biochim, Biophys. 
Acta 243 (1971) 203. 
‘7 
Volume 25, nlllllber 1 I.L:BS LI-TTI:RS September 1972 
[ 1 11 U. Wcser. G. Barth. <‘. DJerassi. 1l.J. llartmann, 
1’. I;rauss. (;. Voclckcr, W.Vocltcr 2nd \I’. Voctsch. Uio- 
chim. Biophys. Acta, in press. 
[ 12 1 LJ. Weser and ll.J. Ilartmann. I 1,BS Letters I7 (1971) 
7x. 
[ 131 I. Pecht, and hf. Anbar, Nature 207 (1965) 1386. 
[ 141 II. Sigel, Angew. Chemie 81 (1969) 161. 
[ 151 I1.R. Mahlcr and E.FI. Cordes, I~iololrical Chemistry 
(Ilarper and Row. New York. 1971). 
[ 161 C;. Rotilio, A.1,. Apro’. L. Calabrese. I Bossa. 
I’. (iucrricri and 8. \londovi. l~iochcmi?tr!~ 10 ( 19; 1) 616 
[ 17) G. Jung, 51. Ottnad, \\‘. Hohnenkamp and 1’. Wescr, 
1:l‘BS Letters (I 972) in press. 
[ 181 K.1:. Joester, Biochemical llastcr Thesis. Tijbingeq. 1972 
[ 191 J. Cooper. P.A. Srcre. hl. Tabachnick and I:. Racker, 
Arch. Biochcm. I~iophys. 74 (1958) 306. 
28 
